ABSTRACT -In order to elucidate the transcriptional response of kidney epithelial cells to cadmium, the gene expression pattern was examined in normal rat kidney epithelial cells (NRK-52E cells) exposed to 50 μM cadmium for 4 hr using DNA microarray. Cadmium was found to increase the expression of 73 genes and decrease the expression of 42 genes in NRK-52E cells before the development of cytotoxicity.
INTRODUCTION
Cadmium (Cd) is an environmental pollutant that produces severe toxicity, such as renal injury, hepatic injury, pulmonary edema, osteomalacia and testicular damage (Järup et al., 1998; Zalups and Ahmad, 2003) . In particular, chronic exposure to Cd mainly causes renal dysfunction with damage to proximal tubules (Friberg, 1984; Järup et al., 1998; Thévenod, 2003) . However, the molecular mechanism of Cd-induced renal toxicity has not been clarified. In the present study, we examined the gene expression associated with Cd exposure in normal rat kidney epithelial cells (NRK-52E cells) using DNA microarray analysis.
MATERIALS AND METHODS

Exposure of cells to Cd
NRK-52E cells were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA), and were grown in Dulbecco's modified Eagle's medium supplemented with 5% fetal bovine serum, 3.7 g/ l sodium pyruvate, 5,000 U/l penicillin-streptomycin, 1% MEM non-essential amino acid solution (Gibco by Invitrogen, Carlsbad, CA, USA) and 110 mg/l sodium bicarbonate (Wako Pure Chemical Industries, Osaka, Japan). Cultures were maintained at 37 C in a humid atmosphere of 5% CO 2 . NRK-52E cells were then trans--ence. Culture medium was changed to serum-free medium, and the cells were incubated with or without 50 μM cadmium chloride (Wako Pure Chemical Industries) for 4 hr before harvest.
Extraction of RNA
The cells were washed twice with PBS (-). Total RNA was extracted with the SV Total RNA Isolation System (Promega Corporation, Madison, WI, USA) according to the manufacturer's protocol and stored at -80°C.
DNA microarray analysis
Purified total RNA (5 μg) was applied to an Agilent Rat V2 oligo Microarray Kit (Agilent Technologies, Santa Clara, CA, USA). This slide registered 22,500 genes. The Low RNA Input Fluorescent Linear Amplification Kit (Agilent Technologies) was used to synthesize complementary RNA (cRNA) from double-stranded cDNA as a template. A primer containing poly dT and T7 polymerase promoter was annealed to poly A + RNA. Reverse transcriptase was then added to the reaction mixture to syn- for 16 hr at 42°C using a Lucidea SlidePro Hybridezer (GE Healthcare, Buckinghamshire, England). A fluorescent image of the slide was recorded with CRBIO (Hitachi Software Engineering, Tokyo, Japan). Digitized image data were processed with DNASIS Array software (Hitachi Software Engineering). After global normaliexpression levels. The ratio of the intensity of Cy5 (Cdexposure) to that of Cy3 (control) was calculated. Genes with an expression level change greater than 2-fold or less than 0.5-fold were used to select up-or down-regulated genes, respectively. Information on each gene on the slide was obtained from the National Center for Biotechnology Information (NCBI) database.
RESULTS AND DISCUSSION
In NRK-52E cells exposed to 50 μM Cd for 4 hr, the expression of 73 genes increased over 2-fold (Table 1 ) and the expression of 42 genes decreased less than 0.5-fold (Table 2) . Among the up-regulated genes in this study, Cd exposure has been shown to elevate the expression of Hmox1 and Mt1a in the kidney in previous in vivo studies (Ohba et al., 2007; Thijssen et al., 2007) . Howev--ing genes associated with the exposure of kidney cells to Cd. In addition, cytotoxicity developed in NRK-52E cells treated with 50 μM Cd for 24 hr but not for 4 hr (data not shown). In this study, therefore, the expression of those genes was altered in NRK-52E cells exposed to Cd before the cytotoxicity appeared. Our present results provide useful information to clarify the mechanism of Cdinduced renal toxicity. 
